This study examined the variables related to US immigrants' long-term attainment in English, their second language (L2), and their native language (L1). For 44 Mandarin-English bilinguals, with increasing age of arrival (AOA) in the United States, their accuracy in L2 grammaticality judgment tasks decreased and accuracy in an L1 grammaticality judgment task increased. Moreover, both AOA in the United States and mothers' English proficiency uniquely predicted a significant proportion of the variance for bilinguals' L2 proficiency. Finally, as a group, 72 speakers of three Asian languages showed lower levels of L2 proficiency and stronger AOA effects on the task performance than 32 speakers of six European languages. These differences in language proficiency were associated with differences in language use, language learning motivation, and cultural identification between the two groups. These findings suggest that L2 acquisition in the immigration setting is a complicated process involving the dynamic interactions of multiple variables.
Most immigrants face the task of learning the language of their host country as a second language (L2). Understanding the factors influencing the speed at which they acquire their L2 and the level of L2 proficiency they obtain carries both practical and theoretical significance. One major factor that has been the focus of research is the impact of age of arrival (AOA) in the L2-speaking country on L2 acquisition. Although adults typically have been found to be faster than younger children in the initial stage of learning (e.g., Another line of inquiry has examined variables independent of AOA that are predictive of language proficiency. In a long-term attainment study of 240 Korean-English bilinguals' L2 grammatical proficiency and accent, Flege, Yeni-Komshian, and Liu (1999) identified many factors that predicted a significant amount of L2 proficiency variance. More media input in L2 (e.g., movies, videos, TV, and radio), as well as stronger integrative motivation (e.g., to gain American friends) and instrumental motivation (e.g., to get a good job), were significantly associated with higher L2 proficiency. In addition, when the number of years of education in the United States was controlled, AOA effects disappeared. Advances along this line of inquiry situate L2 proficiency in its acquisition context and allow for an assessment of the relative contributions of various factors and their interactions with AOA.
The pairing of L1-L2 is another predictor of long-term L2 proficiency that has emerged from recent studies with multiple bilingual groups. When other background variables of L2 acquisition were matched, Spanish-English bilinguals showed a higher level of long-term L2 attainment and a weaker AOA 601 Jia et al.: Grammatical proficiency in L1 and L2 effect than Chinese-English 2 or Vietnamese-English bilinguals (Bialystok & Miller, 1999; Birdsong & Molis, 2001; McDonald, 2000) . These findings imply that variables associated with different bilingual groups, such as L1-L2 linguistic distance, as well as social and cultural elements related to language learning and use, can all be independent predictors of L2 proficiency.
Taken together, findings from these recent studies indicate that AOA effects in long-term L2 attainment by immigrants are considerably more complicated than those indicated by previous research. A variety of issues raised in these recent studies must be explored further in order to more fully understand the complexity of L2 acquisition, including the age effect, as indicated by long-term L2 attainment decline. Given the findings of long-term L2 attainment decline and long-term L1 attainment increase with increasing AOA, to which aspects of language proficiency and to which bilingual groups can these findings be generalized? What are the mechanisms leading to the dominant language switch or maintenance processes among the younger or older arrivals? Given the findings that some environmental and motivational variables are predictive of L2 attainment independently of AOA, are other environmental or affective variables involved? Given the findings of different long-term L2 attainment and AOA effects between Chinese-English and Spanish-English bilinguals, can such differences be found in other language groups? In addition to the linguistic distance between L1 and L2, are there social and cultural attributes related to language learning that differentiate among bilingual groups? The current study addressed these questions by extending four aspects of previous research.
First, long-term attainment studies conducted to date that simultaneously examine L1 and L2 have yet to focus on grammar, a critical part of language. Until simultaneous long-term attainment studies on L1 and L2 grammatical proficiency are done, we cannot draw a firm conclusion about the existence of the dominant language switch or maintenance processes for younger and older arrivals. Therefore, in the current study, the L1 and L2 grammatical proficiency of 44 native Mandarin speakers was measured using two grammaticality judgment tasks to examine the relation between long-term L1 and L2 grammatical attainment.
Second, the richness and complexity of language environment indicated by previous research (e.g., Flege et al., 1999) requires us to continue to examine a broader array of social, environmental, and affective variables. Therefore, in the current study, a comprehensive set of such variables with relevance to language acquisition was examined using a language background questionnaire to see how they are related to long-term L1 and L2 attainment.
Third, research on L1 acquisition has demonstrated L1 proficiency growth into adolescence and adulthood (e.g., Braine, Brooks, Cowan, Samuels, & TamisLeMonda, 1993; Scott, 1984) . Consequently, it seems reasonable to hypothesize that immigrant children may come to a new country with different levels of L1 proficiency, which may, in turn, influence both their L1 and L2 development after their arrival. As little information is available regarding the developmental trends in the acquisition of grammar in a monolingual Mandarin population, this study collected data about the grammatical proficiency of 122 Mandarin monolinguals aged 9 to 16 years and living in China. The goal of this aspect of 602 Jia et al.: Grammatical proficiency in L1 and L2 the study was to begin to gather normative data regarding the acquisition of grammar in the monolingual Mandarin population in the hope of laying the groundwork for a better understanding of how L1 proficiency associated with different developmental levels affects the acquisition of L2.
Fourth, to examine the generalization of the group differences in L2 proficiency between Chinese-English and Spanish-English bilinguals found in previous studies (Bialystok & Miller, 1999; Birdsong & Molis, 2001) , the longterm L2 attainments of the subgroups of 72 Korean-, Mandarin-, and Cantonese-English bilinguals and 32 European English bilinguals were compared. Additionally, social and cultural variables related to language learning for these two groups were also contrasted to explore the possible causes for group differences in long-term L2 attainment.
METHOD

Participants
Bilinguals. The bilingual participants were 112 adult (62 females, 50 males) nonnative English speakers (referred to as bilinguals), with no learning or hearing disabilities based on self-report. Participants were native in 11 different languages, including Mandarin (n = 44), Russian (n =19), Cantonese (n = 17), Korean (n = 11), Spanish (n = 6), Japanese (n = 4), Haitian Creole (n = 3), Urdu (n = 2), Polish (n = 2), Swahili (n = 2), German (n = 1), Punjabi (n = 1), and Italian (n = 1). Coming to the United States between ages 1 and 38, their AOA ranged from infancy to full adulthood, covering the entire range of possible maturational sensitive periods discussed in previous literature. They also had a varied length of residence in the United States (M = 10.7 years; range = 5-32 years; SD = 5.0), years of education in the United States (M = 8.6 years; range = 1-19 years; SD = 3.6), and age of learning English (M = 9.4 years; range = 3-17 years; SD = 3.3). Most of the participants were undergraduates at New York University (NYU), and the others were recruited by personal contacts and by advertisements in Chinese newspapers. All participants were foreign-born and none had gone to English-speaking international schools or received professional English training prior to their arrival in the United States. To ensure sufficient exposure to L2, all participants had been studying in an Englishspeaking school or working in an English-speaking environment after their arrival and had lived in the United States for at least 5 consecutive years previous to the study. Most younger arrivals started to learn English after they came to the United States, whereas most older arrivals began to do so in junior high school in their home country.
Adult monolinguals. Adult English and Mandarin monolinguals were included in two control groups for the English and Mandarin tasks. The 26 English monolinguals and 20 Mandarin monolinguals were undergraduates from NYU and Peking (Beijing) University, respectively. Jia et al.: Grammatical proficiency in L1 and L2 Child monolinguals. Five groups of monolingual Mandarin-speaking children (N = 122), with mean ages of 9;3 (n = 25), 10;2 (n = 21), 11;2 (n = 25), 12;3 (n = 25), and 16;4 (n = 25), were recruited from elementary, junior, and senior high schools in Beijing, China.
Measures
English Grammaticality Judgment Tasks. The L2 proficiency of the 112 bilinguals was measured with a listening grammaticality judgment task and a reading grammaticality judgment task. As the listening and reading tasks involve different performance demands, presenting stimuli in both modalities provides a more comprehensive picture of English grammatical proficiency. Several previous studies have adopted this method of presenting sentence stimuli (e.g., Bialystok & Miller, 1999; Goto-Butler, 2000) .
The listening and reading tasks had 257 and 256 sentences, respectively. The English sentences resembled those used in previous studies (Flege et al., 1999; Johnson & Newport, 1989) . Such similarities facilitate a comparison of our findings about L2 attainment to those of previous studies, and thus yield a baseline for interpretations of our findings about L1 attainment and environment. The sentences tested 12 grammatical structures representing a wide variety of the most basic standard English structures. Four of them dealt with English morphology: past tense, plurals, third person singular present, and present/past progressive form. The other eight structures targeted English syntax: articles, pronominalization, particle movement, predicate structure, 3 auxiliaries, yes/no questions, wh-questions, and word order (see the Appendix for sample sentences for each rule type). Each structure was tested by from 12 to 32 pairs of sentences. Only high-frequency words were used, and most words had only one or two syllables. Sentence length (range = 6-11 words; M = 6.8 words) was approximately balanced across the different sentence structures. For each task, half of the sentences were grammatical and the other half were their matched ungrammatical counterparts. The two members of these matched pairs were presented in separate halves of the test to minimize possible memory effects.
Mandarin Grammaticality Judgment Task. The L1 proficiency of the 44 native Mandarin speakers was measured with a Mandarin listening grammaticality judgment task. No reading version of this task was used because many younger arrivals could not read in Chinese.
The Mandarin grammaticality judgment task consisted of 94 sentences: 47 grammatical sentences and 47 matched ungrammatical counterparts. These sentences were constructed based on some standard tests used on US campuses and some other references (e.g., Li & Thompson, 1981; Lu, 1994) . To maximally match the difficulty level of the Mandarin sentences to that of the English sentences, only high-frequency words were used and sentence lengths (range = 8-13 Chinese characters; M = 8.3 Chinese characters) were close to those of the English ones. As discussed later, the mean accuracy for monolingual Mandarin and English control groups was almost identical for the listening grammati- cality judgment tasks in those languages. Because Mandarin grammar differs markedly from that of English, the Mandarin sentences were designed to test some language-specific properties by focusing on three rule types: word order, inappropriate insertion of words, and inappropriate omission of words.
WORD ORDER.
Noun modifier. In Mandarin, a noun modifier (adjective phrase) generally precedes the noun it modifies (1a). An ungrammatical sentence places the noun in front of the noun modifier (1b).
1a. Ta1 diu1-diao4 le gang1 mai3 de na4 ben3 shul. He lose PFV just now buy NOM that CL book. *1b. Ta1 diu1-diao4 le na4 ben3 shu1 gang1 mai3 de.
He lost PFV that CL book just now buy NOM. He lost the book that he just bought.
Verb modifier. In Mandarin, a verb modifier (adverbial phrase) generally precedes the verb it modifies (2a). An ungrammatical sentence places the verb in front of the verb modifier (2b).
2a. Ta1 zai4 Bei3jing1 xue2-xi2 han4-yu3.
He in Beijing learn Chinese. *2b. Ta1 xue2-xi2 han4-yu3 zai4 Bei3jing1.
He learn Chinese in Beijing. He is learning Chinese in Beijing.
Noun phrase. An ungrammatical sentence in this category contains a fixed noun phrase in an incorrect order (3b).
He last year July graduate. *3b. Ta1 qi1-yue4 qu4-nian2 bi4-ye4.
He July last year graduate. He graduated last July.
Ba structure. Ba inverts the order of a verb and an object by placing the direct object immediately after ba and before the verb (4a). An ungrammatical sentence in this category fails to reverse the order of the verb and the object (4b).
He ba this glass break PFV. *4b. Ta1 da3-sui4 le ba3 zhe4-zhi1 bei1-zi.
He break PFV ba this glass. He broke the glass. Insert le. Le functions both as a perfective aspect verbal suffix and a sentencefinal particle (5a). An ungrammatical sentence inserts le when the sentence is not in the perfective state (5b).
5a. Qing3 jiang3 yi1-ge gu4-shi gei3 wo3 ting1.
Please tell one story to I listen. *5b. Qing3 jiang3 le yi1-ge gu4-shi gei3 wo3 ting1.
Please tell one story to I listen. Please tell me a story.
Insert ba. Ba inverts the order of a verb and an object by placing the direct object immediately after ba and before the verb (6a). However, the use of ba is sensitive to whether the noun phrase after ba is definite or indefinite and sensitive to the nature of the action. An ungrammatical sentence in this category inserts ba when it is unnecessary (6b). Omit de. One of the functions of de in Mandarin is to link a verb with a stative clause or adverbial phrase to indicate the manner of the event. An ungrammatical sentence in this category inappropriately omits de (8b).
8a. Ta1 dian4-nao3 wan2 de hen3 hao3.
He computer play de very good. *8b. Ta1 dian4-nao3 wan2 hen3 hao3.
He computer play very good. He is very good at using computers.
Language Background Questionnaire. A 32-item questionnaire was designed to examine age, time, environmental, and affective variables that may predict language attainment. Some of the items were taken from related studies (Gardner & Clement, 1990; Sanchez & Fernandez, 1993; Schumann, 1978) , and the others were constructed after consulting with social psychologists and conducting pilot interviews with bilinguals.
AGE/TIME VARIABLES. Participants reported the age at which they immigrated to the United States, the age at which they started to learn English in the United States or in their native country, the number of years that they had lived in the United States, and the number of years of education that they had received in the United States.
ENVIRONMENTAL VARIABLES. The eight environmental variables examined included the number of L2 speakers at home, their frequency of speaking L2 at home (4-point scale: 1 = never, 4 = always), the number of L1 speakers at home, their frequency of speaking L1 at home (4-point scale), their frequency of speaking either L1 or L2 at their workplace (5-point scale: 1 = always L1, 5 = always L2), and their fathers', mothers', and siblings' L2 proficiency for speaking, reading, and writing (4-point scale: 1 = not at all, 4 = fluently). For participants who had more than one sibling, the average rating over all siblings was used. Among the 112 bilinguals, 93 (83.0%) lived with various family members during their residence in the United States.
AFFECTIVE VARIABLES.
Self-consciousness. Four variables measured participants' self-consciousness in learning and using English. Participants rated (4-point scale: 1 = never, 4 = always) whether they prepared English sentence grammar before they spoke, whether they cared about grammar when they spoke, whether they avoided opportunities to speak English because they felt that their English was not good enough, and whether they felt embarrassed or neutral when others did not understand their English.
Cultural preference and identity. Two items about culture preference and identity were used to obtain information on which culture the participants most liked or identified with on a 3-point scale (1 for native culture, 2 for both cultures and 3 for American culture).
Motivation. Five motivation variables were measured. Participants rated their motivation to learn English on five aspects using 7-point scales (1 = not feel this way at all, 7 = feel this way very strongly). The five aspects were motivation to learn English to get a good job, to make more American friends, to become more like Americans, to understand American culture better, and because of the beauty of English as a language.
SELF-EVALUATED L1 AND L2 PROFICIENCY. All of the bilinguals self-evaluated their speaking, reading, and writing abilities in both L1 and L2 as a supplementary measure of their language proficiency. 
Procedures
English sentences in the listening version were recorded on tape by a female native English speaker with a standard American accent. Each sentence was read twice with a 1-2 s pause between the repetitions and a 3-4 s delay between different sentences. All sentences were read clearly with normal intonation at an average rate of 4.2 words/s. Sentences in the English reading version were clearly typed on 11 double-spaced pages. A female native Mandarin speaker with standard Mandarin accent recorded the Mandarin sentences with a normal intonation at an average rate of 3.8 Chinese characters/s. Each sentence was read twice, with a 1-2 s pause separating the repetitions and a 3-4 s delay between different sentences. All bilinguals filled out the language background questionnaire (LBQ). They were also verbally interviewed to provide additional information about their language learning experiences, and the experimenters took notes during the interviews.
Each bilingual participated individually in two 1-1.5 hr sessions at NYU. One session was for the English listening task and the other was for the English reading task, the LBQ, the Mandarin listening task (only for the MandarinEnglish bilinguals), and the interview. The order of the listening and reading tasks was counterbalanced across participants, and the two sessions were at least 3 days apart. All of the monolingual Mandarin speakers participated in the study in groups in a classroom setting in Beijing.
RESULTS
Relation between long-term L1 and L2 attainment
Consistent with previous findings of AOA effects, for the 112 bilinguals, a younger AOA was associated with higher accuracy on the English listening task (M = 86.7, range = 60.4-98.3, SD = 8.6; r = −.69, p < .001) and on the reading task (M = 88.7, range = 68.9-98.0, SD = 5.6; r = −.46, p < .001. The latter correlation was significantly smaller than the former one, t (112) = 8.8, p < .01. The 26 monolingual English speakers scored a mean of 94.6% on the listening task (range = 86.7-97.6, SD = 2.6) and a mean of 92.8% on the reading task (range = 87.0-97.6, SD = 2.5).
For the subgroup of 44 Mandarin-English bilinguals, a younger AOA was associated with lower accuracy on the L1 (Mandarin) listening task (range = 66.7-97.8, M = 88.8, SD = 7.4, r = .55, p < .001). The 20 monolingual Mandarin speakers had a mean accuracy of 92.9% (range = 89.4-96.8, SD = 2.1).
L1 and L2 listening performance also had a significant negative correlation (r = −.33, p < .05), indicating that the better the participants did on the L2 task, the poorer they did on the L1 task. Figure 1 provides a direct visual comparison of the participants' listening performance on the two tasks plotted against the AOA.
The participants' 5-point self-evaluated proficiency in speaking, reading, and writing for each language was summed to get a composite score for their general proficiency in each language. Similar to performance on the listening task, a younger AOA was associated with higher L2 ratings (r = −.44, p < .001) but lower L1 ratings (r = .62, p < .001). Also analogous to participants' performance on the two language tasks, a higher self-rating on one language was associated with a lower self-rating on the other language (r = −.30, p < .001).
Participants' task performance and their self-ratings were also significantly correlated with each other. A higher composite L2 proficiency rating was associated with better performance on the English listening task for the 112 bilinguals (r = .53, p < .001), as well as for the 44 Mandarin-English bilinguals (r = .48, p < .001). A higher composite L1 proficiency rating was associated with better performance on the Mandarin listening task for the 44 Mandarin-English bilinguals (r = .74, p < .001). Such a positive relation between self-evaluated and behaviorally measured language proficiency was also demonstrated in previous studies (e.g., Hakuta & D'Andrea, 1992) .
Variables predicting L2 and L1 performance
This part of the analysis is aimed at locating, among the large number of variables measured, those that were significantly associated with the performance variance for the grammaticality tasks. The participants' performance scores on the English listening and reading tasks and the Mandarin listening task were viewed as dependent variables (DV). Three other sets of variables were viewed as independent variables (IV), which were related to time, environment, and affective variables. The analysis consisted of three steps. First, for each independent variable set, simple bivariate correlations with the dependent variables were obtained. Second, all variables yielding significant bivariate correlations with each given performance variable were selected for a backward-elimination regression analysis, with each of the grammaticality performance variables separately taken as the dependent variable in these analyses. 4 Third, variables that remained significant in each set were selected for a simultaneous multiple regression analysis with each performance variable as a DV. This further determined the predictive power of the variables remaining while their interrelations were taken into account (also see Flege et al., 1999 , for alternative analysis strategies).
Simple bivariate correlations by set and backward elimination analyses AGE/TIME VARIABLES. As shown in Table 1 , better performance on the English listening task or the English reading task was associated with younger AOA, younger age of learning English, and more years of education in the United States, but not with length of residence in the United States (Table 1) . In contrast, better performance on the Mandarin task was associated with older AOA, older age of learning English, and fewer years of education in the United States, but not with length of residence in the United States.
However, as shown in Table 2 , these three time variables were highly correlated with each other, suggesting that they may be responsible for roughly the same portion of the performance variance. Therefore, a backward-elimination regression was run to locate the significant predictors when the collinearity was taken into account. As shown in Table 3 , AOA was the only significant predictor for each of the performance variables and was therefore selected for the general regression analysis.
ENVIRONMENTAL VARIABLES. As shown in Table 1 , of the eight environmental variables analyzed, better performance on the L2 (English) listening task was associated with more people speaking the L2 at home, a higher frequency of speaking the L2 at home, higher L2 proficiency of mothers, and higher L2 proficiency of siblings. Better performance on the L2 reading task was associated with higher L2 proficiency of fathers and higher L2 proficiency of mothers. Consistent with this trend, better performance on the L1 task was associated with fewer people speaking the L2 at home, lower frequency of L2 speaking at home, and higher frequency of L1 speaking at the workplace.
Based on the statistically significant results of the backward elimination analysis (Table 3) , among the environmental variables, mother's English proficiency and frequency of home L2 speaking were selected for the general English listening performance analysis. The mother's English proficiency was selected for the general English reading performance analysis, and the frequency and number of people at home speaking the L2 were selected for the general Mandarin performance analysis.
AFFECTIVE VARIABLES. As shown in Table 1 , of the four self-consciousness variables measured, better performance on the English listening and reading tasks predicted less preparation before speaking English and less avoidance of opportunities to speak English. There was no relation between language performance and either cultural identification or cultural preference. However, AOA had a significant correlation with cultural identity (r = −.23, p < .05), indicating that younger arrivals identified more with American culture and older arrivals identified more with their native culture. Of the five motivation variables measured, none of the bivariate correlations approached statistical significance, so the whole subset was dropped from further analysis. For the Mandarin task, none of the correlations reached significance, perhaps due to the smaller sample of Mandarin-English bilinguals. However, there was a trend for those who performed better on the Mandarin task to prepare more before they spoke English and to care more about their English grammar.
Based on the results of the backward elimination analyses in Table 2 , preparation before speaking was selected from among the affective variables for the general English listening and reading analyses.
General analysis. The general simultaneous regression analysis with each of the performance variables (Table 4 ) obtained three sets of important relations. First, AOA and number of L2 speakers at home both remained significant predictors of the variance in Mandarin listening task performance. Second, AOA and mother's English proficiency both remained significant predictors of the English listening task as well as the reading task performance. Third, when taken together, L1 and L2 performance variance was significantly predicted by AOA and two environmental variables (mother's English proficiency and number of English speakers at home). Jia et al.: Grammatical proficiency in L1 and L2 The frequency of speaking L2 at home.
c
Whether participants prepare in advance before speaking L2. *p < .05; ***p < .001. Table 5 presents group means for performance on the Mandarin listening task by the five groups of monolingual Mandarin children and the adult monolingual Mandarin control group. A one-way analysis of variance (ANOVA) revealed a significant age effect for the task performance, F(5, 140) = 35.29, p < .001. Modified LSD (Bonferroni) tests with p = .05 showed significant differences between the younger and older groups: 9 versus 11, 12, 16, 19; 10 versus 16, 19; and 11, 12 versus 9, 16, 19 . The group means show developing L1 syntactic proficiency with adult-level performance at about age 16. Thus, Mandarinspeaking children immigrating to an L2-speaking country would, on average, arrive with less than adult level L1 proficiency, and some aspects of their L1 abilities are positively correlated with their AOA. Note: Data are in number of years.
Language groups and L2 sentence structures
Combined analyses were conducted to compare L2 performance on each sentence structure for the European and Asian groups. The European group consisted of 32 participants with L1s of Russian (n = 19), Spanish (n = 6), Haitian Creole (n = 3), Polish (n = 2), German (n = 1), and Italian (n = 1). The Asian group had 72 participants, with L1s of Mandarin (n = 44), Cantonese (n = 17), and Korean (n = 11). The two groups were similar on AOA, age of English learning, length of US residence and number of years of US education (see Table 6 ). Independent sample t tests showed no significant differences between these two groups on any of these variables. The Asian and European groups differed in some environmental and social affective variables. European mothers were reported to speak better English, t(62) = −3.6, p < .001, than Asian mothers. In comparison to Asian language speakers, European language speakers reported stronger motivation to learn English because of the beauty of the language, t(102) = −2.4, p < .05, they did less preparation of grammar before speaking English, t(81) = 2.5, p < .05, and they had a stronger identity with American culture, t(98) = 2.6, p < .05.
The percentage of errors for each rule type was computed only for ungrammatical sentences because judging a correct sentence does not localize grammatical knowledge to a particular part of the sentence. As shown in Table 7 , in general, the Asian group had stronger AOA effects and significantly lower accuracy in the listening task, t(97) = −4.8, p < .001, and the reading task, t(98) = −2.7, p < .01, than the European group. There were significant correlations between overall accuracy and AOA for both the listening and reading tasks for the Asian group, whereas these correlations were not significant for the European group. For the Asian group, accuracy and AOA had significant correlations for all of the rule types for the listening task and eight of the rule types for the reading task. The European group showed a significant age effect on only one rule type for the listening task (article) and one for the reading task (predicate structure).
One may wonder whether the much weaker AOA effect for the European group is due to the group's ceiling performance on the tasks. However, significant AOA effects could occur even when the accuracy score was high (e.g., performance on particles by the Asian group for both tasks), and similar accuracy scores were related to very different AOA effects (e.g., performance on predicate structure and plurals in the reading task by the European group). Therefore, the current language group differences in AOA effects were not completely due to a ceiling effect of the European group. However, this does not exclude the possibility that, if a more difficult language task had been given, the European group would still show minimal age effects, as they did with the current measure.
Another possible explanation of the minimal AOA effect for the European group is its much smaller sample size in comparison to the Asian group (32 vs. 72). In addition, the European group had a smaller range of AOA (3-22 years) than the Asian group (3-38 years). To address these issues, 32 Asian language speakers from the current study were randomly selected from the total sample of 72, with the constraints that their AOAs, age at which they started to learn English, length of residence in the United States, and number of years of education in the United States matched those of the 32 European language speakers. Still, the correlation between AOA and accuracy on the listening task was −.78 (p < .001), and that between AOA and accuracy on the reading task was −.53 (p < .001). Both correlations were identical to those obtained for the whole group of 72 participants. Further, this subgroup of Asian language speakers also showed significant AOA effects on 10 or 5 sentence structures for the listening or reading task, respectively. These results are consistent with previous findings in the literature that strong AOA effects existed with moderate sample sizes of 33 (Bialystok & Miller, 1999) and 24 (Goto-Butler, 2000) native Chinese speakers. Therefore, ceiling effects and the smaller sample size could not completely explain the minimal AOA effects for the European group.
There was also an interaction between task modality and language group. The Asian group obtained higher total accuracy and weaker AOA effects on the L2 reading task than on the L2 listening task. The group obtained higher accuracy on the reading task than on the listening task for 11 out of 12 rule types and lower AOA-accuracy correlations for all 12 rule types. However, the European group showed little difference in accuracy level and AOA effects between the two tasks.
DISCUSSION
Findings from the current study add to the emerging body of literature concerning the complexity of the L2 acquisition process in the immigration setting. The findings indicate that long-term L2 attainment is associated with multiple variables, including long-term L1 attainment, language environment, and L1-L2 pairing, in addition to AOA.
The study made the first efforts to examine the relation between long-term L1 and L2 grammatical proficiency. For the 44 Mandarin-English bilinguals, accuracy in the L2 (English) task decreased and accuracy in the L1 (Mandarin) task increased with increasing AOA, and higher scores on one task predicted lower scores on the other. Analogously, with increasing AOA, the 112 bilinguals' composite self-ratings of their L2 proficiency decreased and self-ratings of their L1 proficiency increased, and their self-ratings of L1 and L2 proficiency were negatively correlated. Performance on the language tasks and self-rated proficiency were also highly consistent with each other.
These results are in accord with findings from previous studies using comparable tasks to simultaneously measure long-term L1 and L2 attainment in phonology (Flege et al., 1995; Yeni-Komshian et al., 2000) and lexicon (Kohnert et al., 1999; McElree et al., 2000) . Such findings indicate that the relative levels of L1 and L2 proficiency have opposite patterns among younger and older arrivals. The opposite patterns of relative L1 and L2 proficiency suggest that, as a group, younger arrivals tend to switch their dominant language from L1 to L2, whereas older arrivals tend to maintain L2 as their dominant language.
5 Future research is necessary to examine these processes in greater depth by addressing the following questions. What are the ongoing attributes of the dominant language switch or maintenance processes? Why do dominant language switch or maintenance processes occur among younger or older arrivals, respectively? What does the existence of these processes indicate about the causes of the long-term L2 attainment decline? A longitudinal study of 11 Chinese immigrant Jia et al.: Grammatical proficiency in L1 and L2 children and adolescents living in the United States has been conducted to explore these issues (Jia & Aaronson, in press) .
A host of environmental variables was found to predict L1 and L2 proficiency in the current study. Bilinguals whose mothers had higher L2 proficiency performed significantly better on the L2 listening and reading tasks, and participants who were surrounded by more L2 speakers at home performed significantly worse on the L1 listening task. Many other environmental variables either approached significance or showed similar trends. In the multiple regression analysis, mothers' English proficiency uniquely explained the same amount of L2 performance variance as did AOA. Although these data are correlational, the supplementary interviews with bilinguals revealed that, for the most part, language environment influenced language proficiency, rather than vice versa. For example, many bilinguals reported that their language choice when interacting with their parents was based on their parents' English proficiency. These findings add to the set of environmental variables located by Flege et al. (1999) . Future research should further expand the scope of language environment variables being investigated and, more importantly, explore causal relations between the environmental variables and language proficiency.
Analyses of the 122 monolingual Mandarin speakers' overall performance on the Mandarin grammaticality judgment task showed a significant growth between ages 9 and 16. This result is consistent with a large body of literature that has documented developing L1 proficiency until adolescence and beyond. For example, a developing trend exists from early childhood to adulthood in understanding grammatical categories (Braine et al., 1993) and universal quantifiers (Brooks, Jia, Braine & Dias, 1998) , in the accuracy and speed for lexical retrieval (Wiegel-Crump & Dennis, 1986) , and the ability to express discourse connectivity and logical relations (Scott, 1984) . These findings suggest that, although immigrants of different ages all start L2 immersion with L1 being dominant, due to different developmental levels, they have different levels of L1 proficiency that may influence their L2 acquisition. Future research should examine whether, and how, the different levels of L1 proficiency can lead to differences in L2 acquisition. Findings from the longitudinal study (Jia & Aaronson, in press) provide some initial evidence for the role of different L1 proficiency in L2 acquisition.
Group differences in long-term L2 attainment were found between 72 Asian language speakers and 32 European language speakers. The Asian group showed lower levels of L2 proficiency and stronger AOA effects than the European group. This is congruent with previous findings contrasting Spanish-English bilinguals with Chinese-English and Vietnamese-English bilinguals (Bialystok & Miller, 1999; Birdsong & Molis, 2001; McDonald, 2000) . In light of these findings, one may ask why long-term L2 attainment varies among different language groups. The language groups are associated with different L1 linguistic attributes as well as different social and cultural behaviors. Regarding linguistic attributes, European languages usually are linguistically closer to English whereas Asian languages are linguistically further from English. As a nonlinguistic, but approximate indicator of linguistic distance, Odlin (1997) used the different lengths of language courses given during 1985 at the Foreign Service Jia et al.: Grammatical proficiency in L1 and L2 Institute of the U.S. State Department designed to help L1 English speakers with similar language learning aptitudes to reach comparable levels of proficiency in different languages. The average length of Asian language classes was substantially longer than that of the European language classes. Consistent with this phenomenon, the Vietnamese speakers (McDonald, 2000) and Chinese speakers (Bialystok & Miller, 1999) had particular trouble with English structures that are absent in their native languages such as plurals, articles, third person singular present, and subject-verb agreement.
Socially and culturally, in comparison to Asian language speakers, European language speakers tended to use English more frequently (Birdsong & Molis, 2001; McDonald, 2000) . In the current study, in comparison to the Asian mothers, European mothers were reported to speak better English. In addition, European language speakers reported stronger motivation to learn English because of the beauty of the language, did less preparation of grammar before speaking English, and had a stronger identity with American culture. However, reasons for these social and cultural differences among various L1 groups and their causal links to language proficiency are not fully understood and merit further research.
The superior performance of the Asian group on the reading task to that on the listening task for all the sentence structures tested by the Asian group has also been found by two other studies with Chinese-English bilinguals (Bialystok & Miller, 1999; Goto-Butler, 2000) . This finding suggests that Chinese or Asian language speakers, especially older arrivals, demonstrate higher levels of grammatical knowledge during visual sentence processing when they can control the reading speed and when the stimuli are not transient. In other words, AOA effects on long-term grammatical attainment are highly sensitive to the modality through which the grammatical knowledge is tapped.
Combined together, these several aspects of findings indicate that L2 acquisition is a complicated process involving the dynamic interactions of multiple variables. The well-documented phenomenon of AOA effects on long-term L2 attainment is precisely embedded in this intricate picture. Until we can gain a deep and comprehensive understanding of how these variables relate to one another and to long-term L2 attainment, there is not sufficient empirical ground to equate the negative correlation between long-term L2 attainment and AOA with a neurobiologically based, genetically preprogrammed, and domain-specific critical period for L2 acquisition. Future long-term attainment studies may simultaneously compare multiple language groups with larger sample sizes to disentangle the various variables at work. In addition, future research can also use a longitudinal design to identify variables that covary with AOA and at the same time affect L2 acquisition (e.g., Jia & Aaronson, in press ).
